The influence of vegetation on bird distribution in dry forests
and oak woodlands of western Mexico
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Abstract. The bird species distribution along a dry forest-oak woodland vegetation gradient was studied in
autumn and spring in two consecutive years. Intra-seasonal comparisons showed that bird species had similar
distributions in each of the two years. Inter-seasonal changes were mainly due to compositional differences
even though resident species generally used similar habitats in both seasons. Ordination analyses, based on
the first year bird species abundances, showed a clearly segregated distribution between forest and woodland
birds. Within these two vegetation types, the distribution tended to be more individualistic. Nevertheless further
habitats could be identified according to groups of birds having similar distributions. These habitats did not cor-
respond to the plant associations which resulted from a previous classification of the vegetation. Observations
of the plant use by the birds during the study period showed that, in most cases, the plant variables associated
with ordination analyses are unlikely to be very important for the bird species life cycles. Rev. Biol. Trop. 54(2):
657-672. Epub 2005 Jun 01.
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The relationship between bird species dis-
tribution and vegetation was first investigated
by Bond (1957). He found that the bird species
distribution followed an individualistic pattern
in a vegetation gradient in North American
woodland. Nevertheless, the arrangement of
his study units, based on plant species similari-
ties, coincided with an arrangement based on
the bird species.

Subsequent studies have confirmed the
important role that the flora has on the distribu-
tion of bird species (James and Wamer 1982,
Rotenberry 1985, Peck 1989, Bibby et al.
1985). This relationship becomes more evident
when vegetation changes are pronounced; in
altitudinal gradients in Peru (Terborgh 1977),
the United States of America (Noon 1981) and
Mexico (Navarro 1992) a high bird species
turnover between physiognomical vegetation
types has been reported.
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Due to changes in resource availability and
migratory patterns, distributional changes are
also expected between seasons. For example,
Bilcke (1984) found that during the breeding
season, bird species tended to be more restrict-
ed in their habitat choice.

Raitt and Pimm (1976) obtained bird den-
sities during a three year study and found
that richness, the proportion of guilds and
abundance varied among habitats and seasons
in the Chihuahuan desert of North America.
Furthermore, these variations did not occur
only between seasons, but also during the same
season among different years.

Other authors have also found that bird
community patterns change between seasons
(Bilcke 1984, Morrison et al. 1986, Poulin et
al. 1993, Lopez and Moro 1997).

The predictability and eventual manage-
ment of bird communities depends on their
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temporary fluctuations in richness, composition
and diversity. The magnitude of these changes is
little known and, with the exception of few stud-
ies (including the ones mentioned above) has not
been studied in most vegetation types.

In order to assess both the temporal and
the spatial response of bird species distribu-
tion to the vegetation, this study compares
the bird species communities in autumn 1990
and spring 1991 along a vegetation gradient.
This gradient includes different plant associa-
tions typical of dry forest and oak woodland in
western Mexico. A subset of the original study
samples was visited in autumn 1991 and spring
1992 in order to assess intra-seasonal changes
between different years.

MATERIAL AND METHODS

The study sites are located in the state of
Jalisco, Mexico (20°20° N and 103°35° W), and
consist of four large patches of relatively intact
dry forest and oak woodland. These patches
range from 865 to1920 ha in size and are
situated within 15 km of each other (Corcuera
and Butterfield 1999). A total of 107 plots or
sampling units (SUS) were positioned through
the vegetation gradient from dry forest to oak
woodland. Each one of this was used to count
the birds in the first year and a subset of 67
plots in the second.

The plant composition and abundance was
obtained for each sample unit (the method used
is described below). A plant species classifica-
tion of the 107 SUS based on previous results
(Corcuera and Butterfield 1999) subdivided
the vegetation in the following groups: 1. thorn
forest (in which the small-leaved thorny shrub
Acacia tortuosa (L.)Willd. or huizache, is the
dominant plant species), 2. Prosopis huizachal
(which is a thorn forest in which the small-
leaved evergreen tree Prosopis juliflora (SW)
D.C. is abundant), 3. mogote (represented by
patches of broad-leaved forest surrounded by
thorn forest), 4. broad-leaved forest (where
broad-leaved trees such as Guazuma ulmi-
folia Lam. and Heliocarpus appendiculatus
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Turcz. are dominant), 5. small-leaved forest
(dominated by small-leaved trees such as
Acacia pennatula (Schdl. & Cham.)Benth.
and Conzattia sericea (Standl.) 6. Ipomoea
forest (in which the broad-leaved deciduous
tree Ipomoea wolcottiana Rose is visually
conspicuous), 7. mixed woodland (which may
be regarded as an ecotone between dry for-
est and oak woodland since it has floristic
components of both vegetation types) and,
8. Oak woodland (composed mainly by the
oak Quercus crassifolia Humb. & Bonpl.).
Annual precipitation was 761 mm with most
of the rain falling between mid-June and mid-
September. The second year of the project was
anomalous as, due to El Nifo effect, 300 mm
of rain fell in January, the highest winter pre-
cipitation in at last the past 18 years.

Plant composition, stratification and struc-
ture were estimated for each of the 107 plots
during November and December 1990. A 2m
x 2mm diameter lead rod was used to estimate
covers of plants less than 2.0 m tall. The rod
was positioned perpendicular to the ground and
all the plant species touching it were recorded.
This procedure was repeated 40 times for each
of the plots. For higher vegetation an optical
square marked with two perpendicular axes
was used (adapted from Montafia and Ezcurra
1980). Every plant species present in the inter-
section was recorded. Species-area (or number
of touches in this case) curve were drawn
(Grieg-Smith 1983) and they all tended to sta-
bilize (i.e. very few new species kept appearing
when reaching the 40 replicates) indicating that
40 replicates per stations were sufficient.

The same procedure as for plant composi-
tion was used to measure the density of the
vegetation but this time, regardless of the spe-
cies, the height of any plant touching the rod
or present in the intersection of the lines drawn
on the optical square was recorded. Total cover
was determined by the number of times a plant
was recorded. The vegetation density corre-
sponding to the 0-1.0 m, 1.0-2.5 m and <2.5 m
layers was also recorded.

Stratification was determined by recording
vegetation in each of the following vegetation
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layers: half meter intervals to 3.0 m and then,
3.0-4.5 m, 4.5-6.0 m and >6.0 m. The Shannon-
Wiener diversity index was then used to obtain
the foliage height diversity. Table 1 includes
the values of each variable in each of the vege-
tation types obtained by the plant classification
of the 107 SUS.

Several techniques were considered to esti-
mate the number of birds in the study area. The
large amount of time needed for some quantita-
tive methods (i.e. spot mapping) and their inad-
equacy outside the breeding season, made them
inappropriate for the present research purposes.
On the other hand, the rugged terrain and the

TABLE 1
Mean cover of common plant species, vegetation layers and foliage height diversity in the study site associations

Variable Code  Huizachal }111};(2001;11;1
Broad-leaved deciduous shrubs
Annona muricata AM 0.05
Malpighia sp. BY 2.50 0.79
Croton ciliatoglanduliferus CG 6.95 9.53
Broad-leaved semideciduous trees
Ipomoea wolcottiana P 4.05 1.45
Guazuma ulmifolia GU 0.82 3.95
Broad-leaved coriaceous-leaved trees
Quercus castanea QCA
Quercus crassifolia QCR
Small-leaved deciduous trees
Bursera sp. BU 0.97 0.24
Conzattia multiflora CM 0.13 0.00
Acacia pennatula AP 0.42 0.05
Lysiloma acapulcensis LA 232 0.00
Small-leaved evergreen trees
Prosopis juliflora PL 0.45 2.82
Small-leaved throrny shrubs
Acacia tortuosa AT 9.68 15.05
Succulent Trees
Stenocereus sp. PI 0.24 0.08
Composite variables
Small-leaved trees STT 9.29 0.53
Herbs HB 0.16 1.58
Vines VI 0.66 232
0.0-1.0 m vegetation density L1 10.53 13.84
>2.5 m vegetation density L3 13.11 10.47
Foliage height diversity LH 274 2.61
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Broad- Small-
Mogote  leaved leaved  Ipomoea Mixed  Oak
forest forest forest wood  wood
0.55 1.59 1.13 0.25
473 0.56 0.56 0.08 0.29
6.27 6.59 5.63 5.50 1.00
0.50 3.15 438 579 2.50
8.82 8.35 7.5 217 0.64
3.54 0.71
7.82 21.36
1.91 1.29 2.50 0.96 2.75
1.05 4.88 6.63 2.83 4.18 0.36
0.41 1.12 2.81 2.75 6.32 2.02
0.55 3.03 225 0.29 3.46 0.36
0.64
2.00 1.71 0.75 3.08 0.71
0.05 0.15 0.06 0.04
8.36 11.29 16.63 742 17.04 3.63
436 9.32 8.88 11.38 17.00  11.71
291 1.44 1.00 0.17 0.07
10.00 12.41 11.75 15.50 17.57 524
24.55 29.76 29.88 8.42 2336 20.60
2.81 2.92 2.81 2.59 291 2.70
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high density of the vegetation in the area imped-
ed or even made impossible the use of transect
methods, therefore a circular-plot technique
(DeSante 1981) was considered to be the most
suitable method and was implemented.

Since detectabilities in different plot sizes
vary from one vegetation type to another (and
from one observer to another), a particular
radius was subjectively chosen. A 25 m radius
has been used in a similar but denser vegeta-
tion by Hutto (1986). In the present study, a
30 m radius was considered appropriate and
Hutto agreed with this choice (pers. comm.).
The duration of counts should be long enough
so that all the birds present are recorded but
short enough so that the probability of count-
ing the same bird more than once is minimized
(Reynolds et al. 1980). A 10 minute period
seemed adequate as new species were seldom
detected after this length of time.

Between September-December 1990 and
March-April 1991 the birds heard and seen
in the 107 SUS were recorded. In September-
December 1991 and March-April 1992, 67 of
the original 107 SUS were used to estimate the
second year bird abundances.

Ideally, a number of replicates in homoge-
neous vegetation would have been used as the
sampling unit of the study. This approach was
not possible because no sites with relatively
large areas (sufficiently large to include at
least 10 plots with a 100 m distance between
them for example) of homogeneous vegeta-
tion could be found.

If the vegetation types (obtained by the
plant classification) were used, some noise could
be included in the sense that birds observed in
one plot could be there by chance, particularly
if their favored habitat is located near the area
being sampled (which could in itself be a sub-
optimal habitat). These problems were avoided
by using each plot as a sampling unit.

Bibby et al. (1985) used individual plots
for an ordination of the birds in British planta-
tions and the same approach was used here.
Individual plots are not completely independent
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and pseudo-replication difficulties arise because
the sample units on each site are likely to share
more species between them than with those
located in other site (Hurlbert 1984). This
problem can be partially avoided by keeping
a reasonable distance between plots (Reynolds
et al. 1980). After a trial period, in which each
site was visited at least one time, each plot was
visited three times. The mean number of birds
seen or heard in the three visits was used for
the analysis.

Canonical correspondence analysis (CCA),
derived from reciprocal averaging (Ter Braak
1988) was used to analyse bird species distribu-
tion in relation to vegetation parameters. This
technique includes a regression model which
relates the species axes to the environmental
variables. The relationship between the ordi-
nation axes and the vegetation variables were
tested from 99 Monte Carlo permutations, as
suggested by Ter Braak (1988).

The performance of the bird species along
the main ordination gradient was analysed with
Generalised Linear Models (GLIM=s, Crawley
1993). This approach is useful to predict the
probability of any bird species being present
(in a sampling unit, in this case) at a given point
along the gradient. We assumed a binomial
distribution for presence/absence data and used
a logit transformation to link this distribution
with the linear predictor (Austin et al. 1984).
The independent variables were the first ordi-
nation axis and its quadratic form to allow a
non-monotonic response. The probability of
presence was defined by the model:

P=e'P/(1+¢'P)

where,

P=probability of presence, Ip=linear predictor
(at+bx+cx?), e=2.7183, the base of natural loga-
rithms, x=score values of axis 1.

The goodness of fit for the model was
assessed by the analysis of the change in the
residual deviance which approximates a Chi-
square distribution.
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RESULTS

The relationship between the first three
bird species ordination axes and the vegeta-
tion variables in autumn 1990 was significant
according to Monte Carlo permutations (99
permutations, p<0.05).

The first ordination axes (eigenval-
ue=0.240) separated forest from woodland
birds. The second axis (eigenvalue=0.141)
reflected the distribution of the Yellow-rumped
Warbler Dendroica coronata. This species had
a very high relative abundance in unique SUS
during this season and can be considered an
outlier according to the definition by Gauch
(1982). Its distribution was associated with

thorn forests in which Ipomoea wolcottiana
and >2.5m trees were present (Table 2). We
will consider the possible reasons of the unique
distribution of this species in the discussion and
here will only emphasize the fact that when this
species was removed from the analysis, the sec-
ond axis became very similar to the third one
(eigenvalue=0.083), confirming the influence
of this bird in the ordination. The correlation
coefficients between the significant variables
and the ordination axes are shown in Table 2.
Because of the strong influence of a
single bird species on the second axis, the
third axis was considered more relevant to
analyse the distributional tendencies of the
bird community as a whole. The first and third

TABLE 2
Autumn 1990 and Spring 1991 correlation coefficients between significant variables and ordination axes

Autumn 1990

Plant variables Axis 1
Acacia pennatula 0.575
Acacia tortuosa -0.377

Annona muricata

Bursera sp. 0.258
Byrsonima sp. -0.287
Conzattia multiflora 0.264
Croton ciliatoglanduliferus -0.529
Guazuma ulmifolia -0.265
Ipomoea wolcottiana

Lysiloma acapulcensis 0.267
Prosopis laegivata -0.254
Quercus castanea 0.505
Quercus crassifolia 0.614

Stenocereus sp.

Spring 1991

Small leaved trees 0.380
Herbs 0.628
Vines -0.312

0-1.0m vegetation layer
>2.5 vegetation layer

Foliage height diversity

0.205
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Axis 2 Axis 3 Axis 1 Axis 2
0.265 0.341 -0.363
0.192 -0.397 0.262
-0.238
-0.323
-0.243
-0.306 -0.255
0.211 -0.455
-0.285
-0.251 -0.332
-0.204 -0.194
-0.263 0.350
0.249
0.299 0.787
-0.207
-0.278 0.245 -0.412
0.374 -0.315
0.229 -0.361 0.382
0.258
-0.240
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axes ordination of the SUS is shown in Fig.
1. The SUS are represented by numbers cor-
responding to the vegetation group to which
they belong and it was possible to identify five
habitats according to the ordination values of
the SUS and to the variables with which each
group was correlated.

The first habitat defined by the bird spe-
cies ordination included most dry forests (veg-
etation associations 1, 2, 3 and 4) and was
associated with Croton ciliatoglanduliferus
Ortega, Acacia tortuosa, the vines, Guazuma
ulmifolia and Byrsonima sp. (Fig. 1). A sec-
ond habitat (which we named Ipomoea/small-
leaved-tree forest), which was associated with
the small-leaved trees and Conzattia multi-
flora (Robinson)Standley, included most of
the Ipomoea forest (6) and most small-leaved
forest SUS (5). Some of the mixed woodland
SUS (7) represent a third habitat (mixed wood-
land) which forms a bridge between Ipomoea
forests and oak woodlands (8) and was associ-
ated with the herbs, Bursera spp. and Acacia
pennatula. The mixed woodland SUS which

200

are geographically closer to the oak woodlands
were somehow separated from those closer to
forests and were related to Quercus crassifolia
and Q. castanea Née (Fig. 1).

The forest SUS could be further subdivid-
ed according to the third axis ordination val-
ues. The SUS with positive values were those
correlated with the Acacia forest variables
(Acacia forest), while those with negative
scores (other Acacia forests) were correlated
with C. mutliflora and the small-leaved tree
forests (Fig. 1).

Due to the large number of species and
variables in the ordination bi-plots and in order
to facilitate the comparison of the two years,
the bird species distribution is presented in
tabular form. Nevertheless, it has to be remem-
bered that the vegetation units are not discreet
entities; the changes in the distribution of the
birds are continuous throughout the vegetation
gradient. The comparison was based on the first
year ordination. This was done by obtaining the
mean abundance of the birds found in each of
the five previously defined habitats. The bird

AXIS 3

200

200 0

200 400

AXIS |

Fig. 1. Autumn 1990 sampling unit ordination according to the bird species densities. 1=thorn forest, 2=Prosopis thorn for-
est, 3=mogote, 4=broad-leaved forest, S=small-leaved forest, 6=Ipomoea forest, 7=mixed woodland, 8=oak woodland. The
codes for the singificant plant variables (at end of lines) are given in Table 1.
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species were then arranged according to their
first axis ordination scores and their relative
abundance (proportion of the total count) was
estimated for each habitat (Table 3).

Most bird species had a unique distribu-
tional pattern but at the same time it is clear
that certain groups had similar distributional
ranges in the two years. More particular, a
gradient from birds occuring in Acacia forests
to those observed in oak woodland can be rec-
ognized (Table 3).

In one extreme, bird species such as the
Broad-billed Hummingbird Cynanthus latiros-
tris, the Great Kiskadee Pitangus sulphuratus,
the Blue-grey Gnatcatcher Polioptila caerulea
and the Streaked-backed Oriole Icterus pustula-
tus were mainly found in Acacia forests (Table
3). The Ash-throated Flycatcher Myiarchus
cinerascens, the Blue-throated Hummingbird
Lampornis clemenciae, the Northern-beard-
less Tyrannulet Camptostoma imberbe and
the Black-chinned Hummingbird Archilocus
alexandri were also forest birds but equally
common in /pomoea/small-leaved tree forests
and other Acacia forests.

The Golden-fronted Woodpecker Melanerpes
aurifrons, the Curve-billed Thrasher Toxostoma
curvirostrae, the Bewick’s Wren Tryomanes
bewickii, the Canyon Wren Catherpes mexica-
nus, the Empidonax flycather, the Nasvhville
Warbler Vermivora ruficapilla, the Violet-
crowned Hummingbird Amazilia violiceps and
the Rufous Hummingbird Selasphoros rufus
were commonest in Ipomoea/small-leaved
forests (Table 3), while the Ladder-backed
Woodpecker Picoides scalaris, the Canyon
Towhee Pipilo fuscus, the Greenish Elaenia
Myiopagis viridicata also common in small-
leaved tree forest) were equally or more abun-
dant in mixed woodlands (Table 3).

Finally, the Western Pewee Contopus sor-
didulus, the Berylline Hummingbird Amazilia
berillyna, the Solitary Vireo Vireo solitarius,
the Hepatic Tanager Piranga flava, the Black-
throated Grey Warbler Dendroica nigrescens,
the Gray-breasted Jay Aphelocoma ultramarina
and the Ruby-crowned Kinglet Regulus calen-
dula which were mixed and oak woodland
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birds (Table 3). the Hermit Thrush Catharus
guttatus was found in woodlands in 1990 but
was commonest in small-leaved tree forests in
the second year.

There were five bird species which were
either ubiquitous or seemed to have a ran-
dom distribution (the Orange-crowned Warbler
Vermivora celata, the Rufous-crowned Sparrow
Aimophila ruficeps, the Lucifer Hummingbird
Calothorax  ruficeps, the Magnificent
Hummingbird Eugenes fillgens and the Yellow-
rumped Warbler). In addition, The Black-headed
Grosbeak Pheuticus melanocephalus was pres-
ent in thorn forests in 1990 but was only found
in mixed woodland in 1991 while the Yellow-
breasted Chat Icteria virens was commonest in
thorn forests in 1990 but was only present in
small-leaved tree forests in 1991.

In spring 1991 the first two axes were sig-
nificant (99 Monte Carlo permutations, p<0.05).
The SUS ordination (Fig. 2) shows that Prosopis
thorn forests (2) and mogotes (3) were segre-
gated from other forests which included SUS
from thorn forests (1), small-leaved forests (5)
and Ipomoea forests (6). As in autumn, mixed
woodland (7) again formed a link between dry
forests and oak woodlands (8). The ordination
bi-plot of the SUS also shows the significantly
correlated variables (Fig. 2).

As in autumn 1990, Quercus crassifolia
and Croton ciliatoglanduliferus were signifi-
cantly correlated with the first ordination axis
(eigenvalue=0.326) and had the highest corre-
lation coefficients (Table 2). As in the autumn
ordination, the first axis again separated wood-
lands from forests.

The second axis ordination (eigenval-
ue=0.127) emphasized on the separation of
Ipomoea forests from other forests associated
with Ipomoea wolcottiana, the small-leaved
trees and the vines (Table 2).

Three groups of bird species could be rec-
ognized according to the spring ordination. The
first group includes 14 species which were par-
ticularly abundant in the Acacia/Prosopis and
the Acacia/Ipomoea forests. The Broad-billed
Hummingbird, the Rusty-crowned Ground-
sparrow Melozone kieneri, the Canyon Wren
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TABLE 3
Autumn 1990 and 1991 bird species densities in the five habitats defined in the bird species ordination

. Ipomoea/ .
Acacia Forest Other Acacia Small-leaved tree Mixed Oak Woodland
Forests Forests Woodland

O
(=]
Nel
O
(=]

91

O
(=]

91 90 91 90 91
Broad-billed Hummingbird 3 1 - 1 - 1
Great Kiskadee 1 2
Bluegray Gnatcatcher 2 1
Streaked-backed Oriole 2 1
Ash-throated Flycatcher 2 1
Bluethroated Hummingbird 1 1
1 1
1

Northern-beardless Tyrannulet

T R R N SR Y
[ T S ST ST Ry
e S I
S e e
—_ N = N o e
_ o e e e

Black-chinned Hummingbird

—_

Golden-fronted Woodpecker 1
Curve-billed Thrasher 1
Bewick=s Wren

Canyon wren 1
Empidonax Flycatcher 1
Nashville Warbler

[ I )
1

—_

Violet-crowned Hummingbird

—_ = NN N —

—_ = N e e

Rufous Hummingbird
Ladder-backed Woodpecker - - -

Canyon Towhee 1 -

—_ N = N = = = NN
NN W N WD N W
—_ N = NN — N W W
[\S]
NS SR SRS
!
—_

NS}

Greenish Elaenia 1 1

—
NS}
—
NS}

Western Pewee - -
Hermit Thrush
Berylline Hummingbird - - 1

—_ 0 W =

Solitary Vireo - -

Hepatic Tanager -
Black-throated Gray Warbler - -
Gray-breasted Jay

W W W N W W
[OSIEN ST S 2 S

W W N = NN
W W N W N =

Ruby-crowned Kinglet 2 -

Orange-crowned Warbler
Black-headed Grosebeak
Yellow-breasted Chat

Rufous-crowned Sparrow

Lucifer Hummingbird

—_— NN W W =
—

Yellow-rumped Warbler

[

Magnificent Hummingbird

Horizontal lines divide the bird groups with similar distributional affinities. Symbols represent percentage of total density:
->0-10%, 1=10-25%, 2=25-50%, 3>50%.
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Fig. 2. Spring 1991 sampling unit ordination. 1=thorn forest, 2=Prosopis thorn forest, 3=mogote, 4=broad-leaved forest,
S=small-leaved forest, 6=Ipomoea forest, 7=mixed woodland, 8=oak woodland. The names of the codes for significant

varialbles are given in Table 1.

and the Sinaloa Wren Thryothorus sinaloa
were commonest in the first habitat in the first
year but birds such as the Streaked-backed
Oriole, the Ladder-backed Woodpecker, the
Blue Grosbeak Guiraca caerulea, the Goden-
fronted Woodpecker and the Empidonax
Flycatcher favoured the two habitats in the two
springs (Table 4).

A second group of birds had a broader
distribution but were consistently found in
the Ipomoea/mixed woodland habitat. This
group of birds includes the Hermit thrush,
the Yellow-breasted Chat, the Blue-hooded
Euphonia Euphonia elegantissima and the Ash-
throated Flycatcher (Table 4).

The woodland species includes 11 species
of which the first six (such as the Black-headed
Grosbeak, the Yellow-rumped Warbler and the
Gray-breasted Jay) shared the Jpomoea/mixed
woodland with the Oak woodland while Bushtit
Psaltriparus minimus, the Hepatic Tanager,
the Bridled Titmouse Parus wollweberi, the
Western Pewee and the Elegant Trogon Trogon
elegans were commonest in Oak woodlands.
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In order to predict the distribution of the
bird species we used the GLIM model with 14
residents which were present during the four
study seasons. The results show probability
of these species being present at a given point
along the first ordination axis.

The ordinate in the GLIM plots (Figs. 3-4)
represents the probability values while the val-
ues in the abscissa are the ordination scores for
the first axis. For example, the negative values
correspond to Acacia forests in the two seasons,
while the Ipomoea forests range between the
scores of 0-200 in autumn and slightly <0-20 in
spring. Ordination scores of more than 200 in
autumn and more than 40 in spring correspond
to mixed and oak woodlands.

The two species with higher probabili-
ties for Acacia forests were the Broad-billed
Hummingbird and the Great Kiskadee, par-
ticularly in autumn (Fig. 3). The Golden-
fronted Woodpecker and the Violet-crowned
Hummingbird (and less so the Canyon Wren)
were predictably commoner in mixed wood-
lands in autumn and in Acacia forests in spring
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TABLE 4
Spring 1991 and 1992 bird species densities in the habitats defined in the ordination

Acacia/Prosopis Acacia/ Ipomoea Ipomoea/ mixed

Forest Forest woodland Oak Woodland

Nel
—_

92 91

O
NS}

91 92 91 92

Broadbilled Hummingbird 2 2

2
Rustycrowned Groundsparrow 2
2

Canyon Wren

—_

Sinaloa Wren
Streakedbacked Oriole
Ladderbacked Woodpecker
Blue Grosbeak
Goldenfronted Woodpecker

NN NN N W W W W
— NN
—_
'
—_

—_
—_
'

Empidonax Flycatcher

RN NN NN WD W N

Violetcrowned Hummingbird 1
Curvebilled Thrasher 1
Great Kiskadee 1
Bluethroated Hummingbird 1

NSRS RN S22 S h (ST ST ST ST S

[N S A
—_ =
—_

Squirrel Cuckoo
Canyon Towhee
Northern-beardless Tyrannulet 1 2
Hermit Thrush -
Yellowbreasted Chat -

Bluehooded Euphonia - 1
Ashthroated Flycatcher 1

NN NN W WD W NN N NN

2 2
Bewick’s Wren - 1 2
Greenish Elaenia - 2 1 2
Blue Mockingbird - 2 2

NN =N
'

Greater Pewee 1
Blackheaded Grosbeak 1 1 1 1

NN NN NN NN W N NN

Yellowrumped Warbler 1 1

'
w

Graybreasted Jay
Orangebilled Nightingale

W

Solitary Vireo -

W N W W W N W NN N N W W W NN

Rubycrowned Kinglet
Bushtit - - - 1

[N I S R

Hepatic Tanager 1
Bridled Titmouse 2

Western Pewee - 1 - 2

W W W W W
W N W W NN W

Elegant Trogon 1 -

Horizontal lines divide the bird groups with similar distributional affinities. Ubiquitous species not shown. Symbols rep-
resent density percentages: ->0-10%, 1=10-25%, 2=25-50%, 3>50%.
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Fig. 3. Probability of presence of seven bird species along the first ordination axis. (a) Autumn 1990; (b) Spring 1991; (c¢)
Autumn 1991; (d) Spring 1992. Continuous line, Violet-crowned Hummingbird; long-dashed line, Streaked-backed Oriole;
large-dotted line, Northern-beardless Tyrannulet; dot-dashed line, CanyonWren; double dot-dashed line, Western Pewee;

small-dotted line, Broad-billed Hummingbird; and short-dashed line, Yellow-breasted Chat.

(Fig. 3). The Streaked-backed Oriole was typi-
cal of Acacia forests in spring while the Curve-
billed Thrasher was typical of Ipomoea/mixed
woodlands in spring but had either different or
low probabilities curves in autumn (Fig. 4).

The probability model also shows that
the Northern-beardless Tyrannulet favoured
Ipomoea forests and the Yellow-breasted Chat,
particularly in spring (Fig. 3), while the Hepatic
Tanager, the Western Pewee, the Solitary Vireo
and the Ruby-crowned Kinglet favoured mixed
and/or oak woodlands in the four seasons (Fig.
4). The Black-headed Grosbeak had an unpre-
dictable distribution in autumn but had high
probability values in the woodland portion of
the plots in the springs (Fig. 4).

In addition, the Gray-breasted Jay and the
Hermit Thrush are woodland species but their
probability curves changed from mixed to oak
woodland between seasons.

The remaining species were either ubiqui-
tous (the Ash-throated Flycatcher, the Greenish
Elaenia, the Empidonax Flycatcher and the
Bewick=s Wren) or less predictable in their
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distribution due to between-year differences in
the same season (the Rufous-crowned Sparrow
and the Ladder-backed Woodpecker). The
probability curves for the Canyon Towhee, the
Blue-throated Hummingbird and the Yellow-
rumped Warbler also differed but showed
some distributional tendencies. The Canyon
Towhee was mainly present in Ipomoea and
mixed woodlands in autumn (it was ubiquitous
in spring), the Blue-throated Hummingbird
favoured Acacia/Ipomoea forests in spring but
was ubiquitous in autumn, and the Yellow-
rumped Warbler was ubiquitous in autumn but
favoured woodlands in spring.

DISCUSSION

The main difference between autumn and
spring was evident in the SUS ordination by
the bird species. In autumn the sample units
were widespread in the ordination plots and
each of the recognized habitats was replaced
by another gradually (Fig. 1). In spring, the first
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Fig. 4. Probability of presence of seven bird species along the first ordination axis. (a) Autumn 1990; (b) Spring 1991; (c)
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large-dotted line, Hepatic Tanager; dot-dashed line, Great Kiskadee; double dot-dashed line, Ruby-crowned Kinglet; small-
dotted line, Curve-billed Thrasher; and short dashed line, Solitary Vireo.

axis separated forests from woodlands more
abruptly (Fig. 2). Nevertheless, many of the
plant variables related with the ordination axes
were the same in the two seasons. Furthermore,
the first axis essentially represented a vegeta-
tion gradient which traverses from Acacia for-
ests, Ipomoea-small/leaved forest and mixed
and oak woodlands in the two seasons.

The intra-seasonal comparison of the bird
species distribution showed that eight bird
species favoured Acacia forests in autumn, 11
favoured I[pomoea/small-leaved tree forests and
eight were mixed and oak woodland species.
Nevertheless, the forest species were also pres-
ent in [pomoea forests and mixed woodlands.
The Ipomoea/small-leaved tree forest species
were present in other habitats as well but their
relative abundances tended to be highest in this
habitat. Woodland species were more restricted
and only the Western Pewee, the Berylline
Hummingbird and the Hepatic Tanager were
seen in Acacia forests.
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Since conditions in dry forests fluctuate
greatly and resources are somehow unreliable,
the birds from these communities tend to be gen-
eralists and opportunistic (Poulin et al. 1993).
The fact that they have to be more opportunistic
could explain their wider habitat spread in dry
forests with respect to woodlands.

In addition, six species differed in their
habitat use between the two autumns and there-
fore were considered to have unpredictable
distributions (the Orange-crowned Warbler, the
Black-headed Grosbeak, the Yellow-breasted
Chat, the Rufous-crowned Sparrow, the Lucifer
Hummingbird, the Magnificent Hummingbird
and the Yellow-rumped Warbler).

In spring 14 species were commonest in
Acacia and Acacia/lpomoea forests while 10
species favoured Ipomoea/mixed woodland
and 12 were woodland species. The Yellow
Warbler, the Rufous-crowned Sparrow and
the Brown-headed Cowbird had unpredict-
able distributions.
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The segregation between forest and wood-
land birds in the bird species ordination was not
unexpected since similar tendencies have been
documented in other studies in which marked
vegetation changes coincide with abrupt chang-
es in the bird species distribution (Terborgh
1977, Noon 1981, Navarro 1992).

Avifaunal differences between geographi-
cally close but physiognomically different
vegetation types has been explained by Hutto
(1985) who suggests that birds may have a spe-
cies specific template (innate or learned) which
represents a suitable habitat. The habitats that fit
this template may then provide certain “cues”
(i.e. other bird species, food and microclimate),
which makes individuals settle in a particular
area of the chosen habitat (or microhabitat).

At a more local scale, there have been
contradictory findings regarding the segrega-
tion of birds in plant associations belonging
to a general vegetation type (the Acacia for-
ests, [pomoea/small-leaved forests and mixed
woodlands in this study may be regarded
as different dry forest habitats). Roth (1977)
for example, studied four brush-grasslands in
North America and found substantial differ-
ences in bird species composition and relative
abundance between four associations. Naranjo
and Raitt (1993) found that the breeding bird
assemblage differed significantly among three
physiognomically different vegetation types in
the Chihuahuan desert in North America.

In this study, the bird species distribution
changed gradually between the habitats which
were identified in each season. Nevertheless,
there were groups of birds either in the four
seasons or in each season of the two years
which may be regarded as indicator species
(i.e. the broad-billed hummingbird favoured
Acacia forests while the Curve-billed Thrasher
favoured Acacia and Ipomoea forests in the
four seasons, while the Streaked-backed Oriole
and the Yellow-breasted Chat were either ubig-
uitous or unpredictable in autumn but favoured
Acacia and Ipomoea forests in spring).

Furthermore, the importance of I[pomoea/
small-leaved-tree forests in autumn and
Ipomoea/mixed woodlands in spring was
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unexpected. Partly, the Ipomoea SUS were
located between forests and woodlands and
therefore can be regarded as an ecotone in
which both forest and woodland species coin-
cide but the fact that Ipomoea forests had
higher abundances of many bird species in
the two seasons makes this a unique habitat.
Ipomoea wolcottiana is a widely used foraging
plant used by many hummingbirds and war-
blers (in press) but wrens, flycatchers and other
birds favoured this habitat in the two seasons
and therefore its uniqueness might be related to
physiognomic factors which should be further
explored.

The probability model corroborated the
distributional patterns found in the ordina-
tion and helped to identify indicators among
some species found in the four study seasons.
Only the Broad-billed Hummingbird and the
Great Kiskadee (in three seasons) were typi-
cal of Acacia forests. Two other species, the
Curve-billed Thrasher and the Golden-fronted
Woodpecker tended to favour Ipomoea for-
ests in at least three of the four seasons,
while the Canyon Wren and the Violet-crowned
Hummingbird were somehow ubiquitous in
autumn but favoured Acacia and Ipomoea
forests in the two spring. On the other hand
there were six species which were character-
istic of woodlands in the four seasons (the
Ruby-crowned Kinglet, the Western Pewee, the
Hepatic Tanager, the Solitary Vireo).

Finally, the Ash-throated Flycatcher was
ubiquitous (with a certain preference for Acacia
forests in autumn) and the Rufous-crowned
Sparrow had an unpredictable distribution in
the four seasons.

The Yellow-rumped Warbler was a special
case. It was very abundant in the first autumn
and its distribution influenced the second axis
of the autumn ordination. In autumn it was
rather ubiquitous but was related to Ipomoea
wolcottiana and other species typical of forests
with relatively tall trees. During both springs,
its distribution was associated with woodlands.
In autumn, the Yellow-rumped Warbler is com-
posed of three sub-species; the Myrtle Warbler
(Dendroica coronata coronata), the Goldman’s
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Warbler (D. coronata goldmani) and the Myrtle
Warbler (D. coronate auduboni). Some popula-
tions of the Myrtle Warbler may breed in the oak
woodlands present in the study area. Transients
and winter visitors of the Myrtle Warbler are
typical of deciduous forests (Howell and Webb
1995), which might explain the drastic changes
in habitat use of this species.

Due to the influence of the work by
MacArthur and MacArthur (1961), during
two decades, most bird community ecologists
thought structure was a decisive influence con-
trolling bird species diversity (Pearson 1975,
Recher 1969).

Fuller and Henderson (1992) sustain that
since the paradigm was so widely accepted,
many ecologists tried to explain bird species
distribution in terms of simple measures of the
vegetation structure. These authors believe that
floristic relations might even be obscured by
loss of information resulting from condensing
vegetation structure and composition into one
of two indices. In fact, the important role flo-
ristics may have on the bird species distribution
has been confirmed in many studies (James and
Wamer 1982, Rotenberry 1985, Peck 1989,
Bibby et al. 1985).

This study suggests that particular plant
species were more significant than the vegeta-
tion structure in the determination of the bird
species distribution in a dry forest; the struc-
tural variables that were measured -as opposed
to the compositional variables- were not signif-
icant in the ordination analyses. Nevertheless
the significant plant variables were unlikely to
be very important since, in most cases, birds
did not use them for nesting or any foraging
activity. Byrsonima sp., Guazuma ulmifolia and
Croton ciliatoglanduliferus for example, were
significantly correlated with the first axis in all
seasons, but foraging observations showed that
neither was important as food provider. Other
plants, such as Acacia pennatula and Lysiloma
acapulcense, were significantly correlated in
the two seasons but the first was not seem to
be used by birds, while the second was used
by frugivore-insectivores and insectivores only
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in spring (personal observation). The apparent
unimportance of the significant plant variables
in food supply agrees with Poulin ef al. (1993),
who found that food availability in Venezuelan
dry forests was not directly linked with the
bird densities. At least some significant species
seem to be typical or some plant associations
regardless of their use by the bird species.
Other plant species, particularly those which
are conspicuous (Quercus crassifolia, Prosopis
laegivata) might serve as visual cues for the
birds to chose an habitat.
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RESUMEN

Se estudid la distribucion de especies de aves a lo
largo de un gradiente de vegetacion bosque seco — bosque
de encino en el otofio y primavera de dos afios consecu-
tivos. Las comparaciones intra-estacionales mostraron
distribuciones similares de las especies de aves en ambos
afios. Los cambios inter-estacionales se debieron prin-
cipalmente a diferencias en la composicion, aunque las
especies residentes normalmente usan habitats similares en
ambas estaciones. Los analisis de ordenacion, basados en
las abundancias de las aves en el primer afio de muestreo,
mostraron una distribucion claramente segregada entre
aves del bosque seco y del bosque de encino. Aunque la
distribucion de las especies fue mas azarosa dentro de cada
tipo de vegetacion, se pudieron identificar ciertos habitats
en base a grupos de aves con distribuciones similares. Estos
habitats no correspondieron con las asociaciones vegetales
identificadas. Las observaciones del uso de las plantas
durante el periodo de estudio sugieren, en la mayoria de los
casos, que las variables vegetales asociadas con los ejes de
ordenacion no serian muy importantes para el ciclo de vida
de las especies de aves. Sin embargo, se requiere investiga-
cion adicional para comprender su verdadera funcion.

Palabras clave: comunidades de aves, bosque seco, bos-

que de encino, analisis de correspondencia canonica,
modelos lineales generalizados.
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